Abstract. Acute heart failure (AHF) is a common complication of inflammatory rheumatic disease (IRD) and usually coexists with tachycardia. Ivabradine, a direct sinus node inhibitor, which was proven to have favorable effects in patients with chronic HF (CHF), has not been sufficiently evaluated in AHF patients regarding its efficacy and safety. The present study sought to explore the effectiveness of early short-term ivabradine treatment in new-onset AHF and concurrent sinus tachycardia in patients with IRD. A total of 12 consecutive patients with IRD, who had new-onset AHF and concurrent sinus tachycardia, were prescribed ivabradine and were retrospectively recruited. Standard medication therapy for AHF was also administered. The heart rate (HR), left ventricular ejection fraction (LVEF), biomarkers of HF and New York Heart Association (NYHA) classification score were compared prior to and after ivabradine treatment. After 48 h of treatment with ivabradine, the mean resting HR decreased from 118.0±13.8 to 83.3±7.3 bpm (P<0.001). Transthoracic echocardiography indicated a significant improvement in the LVEF on an average of 2 weeks after ivabradine prescription when compared with the baseline evaluation (51.2±8.4 vs. 38.0±9.0%; P<0.001). In addition, ivabradine treatment resulted in significantly decreased N-terminal proB-type natriuretic peptide (4,900±3,672 vs. 16,806±16,130 pg/ml; P= 0.045) and improvement of the NYHA classification score (2.3±0.6 vs. 3.5±0.5; P<0.001) at 2 weeks when compared with the baseline. Overall, the results of the present study suggested that early use of ivabradine is safe in IRD patients with new-onset AHF and enhances the sinus rate reduction, which may improve heart function.
Introduction
The heart is an important target organ involved in inflammatory rheumatic diseases (IRD) and cardiovascular death is one of the most frequent causes of mortality among patients with IRD (1, 2) . Heart involvement may occur during the acute phase of IRD, including myocarditis or coronary artery macro-or micro-vasculitis, which probably leads to acute heart failure (AHF) (3) . On the other hand, infection, anemia, tachycardia, renal dysfunction, anxiety, glucocorticoid usage and other IRD-associated clinical conditions may increase the heart rate (HR) and exacerbate AHF among these patients. In either of these two scenarios, a high incidence of cardiac arrhythmias has been reported and sinus tachycardia is one of the major manifestations in IRD patients (4) .
Although an increase in HR may be a compensatory response to reduced left ventricular (LV) stroke volume and cardiac output in the setting of AHF, it may also deteriorate LV systolic function by causing tachycardiomyopathy (TCM) (5) . At present, TCM is mainly defined by the following clinical criteria: Sustained HR >100 bpm, exclusion of other causes of HF, and partial or complete recovery of LV function after restoration of the sinus rhythm or rate control (6, 7) . Accordingly, it may be implied that HR control, in addition to the application of diuretics and/or inotropes, is crucial for the treatment of decompensated AHF patients without any previously diagnosed heart disease. Low doses of β-blockers are usually applied for the initial treatment of tachycardia in IRD patients with systolic HF. Subsequently, the dose is slowly titrated to tolerable levels to achieve the target HR. This process may take up to 2-3 months. As a selective sinus node I(f) current inhibitor, ivabradine significantly prolongs the diastolic phase, effectively reduces the HR (8, 9) and subsequently improves the prognosis of patients with chronic HF (10) . However, clinical evidence to support the application of ivabradine in patients with acute systolic HF is currently limited (11) . Therefore, the present study aimed to investigate the safety and potential efficacy of early and short-term use of ivabradine in IRD patients with sinus tachycardia and new-onset AHF.
Patients and methods
Patient population. The present study was a retrospective observational study, in which IRD patients who experienced new-onset acute systolic HF as well as sinus tachycardia and received ivabradine therapy in Peking Union Medical College Hospital (Beijing, China) between February 2017 and May 2017 were enrolled. All patients received ivabradine for HR control in addition to the standard treatment for AHF, including loop diuretics and/or mechanical ventilation when required. Selection and dosages of other medications, including β-blockers, were determined by individual clinical settings.
The inclusion criteria were as follows: i) New-onset AHF; ii) LV ejection fraction (EF) <50% determined by transthoracic echocardiography (Simpson's method); iii) sinus tachycardia with HR >100 bpm; and iv) unequivocal diagnosis of IRD prior to or concurrent with presentation of the new-onset AHF. New-onset AHF was defined as a diagnosis of AHF with presence of pulmonary edema for the first time with a reduction in EF by <50% but without evidence of history of HF in the previous 3 months. The exclusion criteria included the following: i) Previously diagnosed or documented HF in the 3 months before the study; ii) other heart rhythm indicated by in-hospital electrocardiogram (e.g., supraventricular, atrial, ventricular); iii) cardiac shock; iv) acute coronary syndrome; v) previous treatment with ivabradine; and vi) hemodynamically significant valvular disease. All patients had systolic blood pressures of >90 mmHg without inotrope/vasopressor usage.
A total of 156 patients with IRD were admitted to our hospital during the enrolment period, of which 14 patients (9.0%) met the eligibility criteria. A total of 12 patients (10 females and 2 males; age range, 16-63 years; mean age, 33.8±12.5 years) provided written informed consent and received subsequent ivabradine treatment, while the other two patients refused. All patients or their legal guardians provided written informed consent for administration of ivabradine, since this medication had not been indicated for treating AHF clinically. The present study complied with the ethical guidelines of the 1964 Declaration of Helsinki and its revision from 2002. The study protocol was reviewed and approved by the ethics committee of Peking Union Medical College Hospital (Beijing, China).
Medication.
A special group of cardiologists were responsible for the patients' medications for HF, including the administration, dosing and timing of ivabradine. Classic medical treatment for AHF, including diuretics, oxygen therapy and fluid restrictions, were selected according to the patients' clinical situations. Application of β-adrenergic receptor blockers was selected according to the clinicians' preference. Most patients received no or moderate dosages of β-blockers as initial therapy for AHF. Use or discontinuation of glucocorticoids and other immunosuppressant drugs for IRD were determined by clinical rheumatologists independent of AHF therapy.
When HR reduction was considered necessary by the cardiologists and it was not possible to rapidly titrate β-blockers for this purpose, ivabradine administration was selected for these AHF patients according to the inclusion and exclusion criteria. Due to the uncertainty of efficacy and safety of ivabradine treatment in decompensated AHF patients, most patients were given a low dosage of 2.5 mg twice daily, and not 5 mg twice daily as applied in the initial therapy for chronic HF patients (10) . If a target HR of 80 bpm was not achieved within the first three days of treatment, the dosage was increased to 5 mg twice daily. The application or dose increase of a β-blocker in combination with ivabradine depended on the clinician's judgement and/or the patient's general condition. If the patient's LVEF during the follow-up echocardiogram exceeded 50%, the ivabradine dosage was not further increased, because the HR would then controllable by a rapid increase in the β-blocker dose.
Observational indexes. The primary outcome was the improvement of the EF, which was measured using the biplane Simpson's method on transthoracic echocardiography. Initial echocardiographic evaluation was performed within 3 days prior to initiation of ivabradine treatment, and the follow-up evaluation was performed ~2 weeks after the first ivabradine administration. The secondary endpoints included HR changes at 48 h after the first ivabradine administration vs. baseline, changes in B-type natriuretic peptide (BNP)/N-terminal proBNP (NT-proBNP) levels and cardiac function according to the New York Heart Association (NYHA) classification of HF at 2 weeks after the first ivabradine use vs. baseline. Furthermore, blood pressure, liver and renal function, and plasma lactic acid changes prior to and after ivabradine use were repeatedly measured for safety assessment.
Statistical analysis. All analyses were performed using SPSS 19.0 statistical software (IBM Corp.). Values are expressed as the mean ± standard deviation. The Kolmogorov-Smirnov test was used to evaluate whether the distributions of continuous variables were normal. Comparisons of LVEF, HR and BNP/NT-proBNP prior to and after ivabradine administration were performed using paired t-tests. Comparisons of the NYHA function classification prior to and after ivabradine administration were performed using the Wilcoxon signed-rank test, which is a paired non-parametric test. P<0.05 was considered to indicate statistical significance.
Results

Patient characteristics.
The basic clinical characteristics of the patients are presented in Table I . Concomitant IRDs included systemic lupus erythematosus (SLE), secondary antiphospholipid syndrome (APS), granulomatosis with polyangiitis (GPA) and polymyositis/dermatomyositis (PM/DM).
HR reduction. The patients of the present study presented with a significant HR reduction at 48 h after ivabradine treatment (Fig. 1) , and the mean resting HR was decreased from 118.0±13.8 to 83.3±7.3 bpm (P<0.001). Fig. 2 provides the changes in HR and blood pressure in a typical IRD patient (case no. 3; female; age, 17 years), who received mechanical Table I . Clinical characteristics of 12 patients with autoimmune disease and sinus tachycardia. ventilation due to pulmonary edema and hypoxemia caused by AHF, over the first 10 h. Within 6 h of 2.5 mg ivabradine administration, her HR dropped from 129 to 74 bpm without significant changes in blood pressure. Simultaneously, her LVEF increased from 28 to 40%. There were no dosage modifications of ivabradine or new prescriptions of β-blockers within the first 48 h for all patients, and the dosage of sedatives was not modified if the patients were intubated. If the patient's HR persistently remained >80 bpm, the ivabradine dose was titrated to 10 mg/day after 3 days or even to 15 mg/day thereafter.
Transthoracic echocardiography changes.
The interval between the first dose of ivabradine and echocardiography re-evaluation ranged from 10 to 20 days (mean, 14.0±2.6 days). A significant improvement in LVEF was seen after ivabradine treatment (38.0±9.0 vs. 51.2±8.4%; P<0.001; Fig. 3 ). Of the 12 patients, 8 only received 5 mg/day of ivabradine and the HR was <80 bpm at the time of echocardiography re-evaluation. Another 3 patients received 10 mg/day, and 1 patient required 15 mg/day of ivabradine to reach the target HR. After the increase in EF was recognized, the β-blocker dose was rapidly increased to reduce the HR. The average period of ivabradine administration ranged from 5 to 30 days (mean, 18.1±8.8 days), depending on the HR control, β-blocker usage and mitigation of systolic AHF.
Comparison of NT-proBNP and BNP levels prior to and after treatment.
NT-proBNP and BNP levels were examined at baseline and at an average of 14.2±2.7 days (5-20 days) after the commencement of ivabradine treatment. A total of 8 patients were subjected to NT-proBNP testing and the remaining 4 were subjected to BNP testing due to their mild to severe renal dysfunction. As indicated in Fig. 4 , the NT-proBNP level after ivabradine treatment was significantly lower than the initial level (4,900±3,672 vs. 16,806±16,130 pg/ml; P=0.045). There was no significant difference between BNP levels prior to and after treatment with ivabradine (427±282 vs. 318±145 ng/l; P=0.528; Table II) .
Comparison of NYHA classification prior to and after ivabradine treatment.
The NYHA classification of HF in the subjects was compared between baseline and 14 days after ivabradine treatment by using Wilcoxon's signed-rank test (Table II) . With ivabradine treatment, a significant improvement in the NYHA function classification was achieved when compared with the initial evaluation (2.3±0.6 vs. 3.5±0.5; P<0.001).
Safety. No incidences of hypertension, hypotension, bradycardia, atrial fibrillation were recorded in the patients of the current study. Liver and renal function also remained stable in these patients. Plasma lactic acid was not elevated prior to or following ivabradine treatment. Only one of the 12 patients reported the common ocular side effect of phosphene. 
Discussion
New-onset AHF with sinus tachycardia in IRD patients is commonly encountered in the clinic. According to the present study, ivabradine significantly decreased the HR, improved the LVEF and decreased NT-proBNP/BNP, thereby markedly improving cardiac function in the small sample of patients.
The causes of new-onset AHF in IRD have remained to be fully elucidated. Heart involvement and elevated HR are frequently observed in autoimmune diseases, including SLE (12, 13) , rheumatoid arthritis (14-16), GPA (17), PM/DM (18) and systemic sclerosis (19) . Ischemic cardiomyopathy associated with coronary artery and microvascular diseases and/or inflammation-associated myocarditis are two major mechanisms underlying the elevated risks of AHF. The patients in the present study had no self-reported or medically recorded history of myocardial infarction. In addition, there were no acute coronary events at enrolment in these AHF patients. Evidence of severe microvascular disease or inflammation-associated myocarditis was insufficient in the present cohort due to inconvenient functional tests or high-resolution imaging performed in these critically ill patients. Two patients in the present study received gadolinium-enhanced cardiac magnetic resonance and did not to exhibit any obvious signs of myocarditis, myocardial edema or fibrosis. However, SLE myocarditis was the most characteristic feature of myocardial involvement in SLE but was of a subclinical nature (20, 21) . No endomyocardial biopsy was performed in this group of patients.
In the present study, most cases of AHF were triggered by bacterial or fungal infections. Of the 12 patients, 7 received long-term regular corticosteroid and/or immunosuppressant therapy and remained stable prior to the onset of AHF. The general activity evaluations in the 7 SLE patients were mild to moderate according to the SLE Disease Activity Index score. Of note, other target organs involved in IRD were relatively 'silent', suggesting that new-onset AHF was unlikely caused by exacerbated IRD. All patients in the present study shared a common sign of inappropriate sinus tachycardia prior to the onset of AHF. Thus, it may be hypothesized that TCM is an important cause for the development of AHF in these patients. For instance, case no. 3 received methylprednisolone pulse therapy and high-dose steroid maintenance treatment due to pulmonary injury by GPA, with a LVEF of 61% at that time. Her HR constantly exceeded 120 bpm due to repeated episodes of infection and seizures, reaching 170 bpm at one point. Decompensated AHF with an EF of 28% occurred within 2 weeks. It remains elusive whether IRD patients may have a high incidence of TCM during a state of inflammation, but sinus tachycardia was frequent in those patients.
Marked and rapid improvement of LVEF after rate control in the patients of the current study supports the present results on TCM. Quick recovery from systolic AHF in patients was mainly attributed to rapid HR control but not the effect of glucocorticoids or other immunosuppressant drugs. In most patients, a HR reduction was achieved after 2 days of treatment, which is consistent with a previous study on ivabradine treatment in AHF patients (22) . Relief of HF symptoms was reported by or observed in most patients, and this alleviation was consistent with the decreased HR shortly after ivabradine treatment. Case no. 3 exhibited a marked decrease of HR and improvement of EF within hours. This patient was successfully extubated 5 days later, and 16 days later, LV systolic function returned to normal with an EF of 60% on the echocardiogram.
It is worth noting that most patients presented with a marked change in HR (19.0-48.1%) after treatment with ivabradine at a relatively low dosage (2.5 mg twice daily). In comparison, the HR was reduced by only 10.7-13.0% in previous large clinical trials where ivabradine was given at 5 mg twice daily (10, (23) (24) (25) . Two factors may be accountable for this difference. First, the average HR in previous studies, whose patients had already received maximum-tolerated doses of β-blockers, was between 70 and 90 bpm, while the initial HR of the patients in the present study was >100 bpm. Second, previous studies included patients with stable coronary artery disease and/or CHF (10, (23) (24) (25) ; however, only patients with acute decompensated HF were included in the present study. HR reduction by ivabradine led to improvement of AHF, which consequently reduced HR. Given the obvious reversibility of TCM, the HR tended to spontaneously decrease after AHF and tachycardia was successfully controlled.
The usage and dosages of β-blockers were not limited in the present study. The mean duration of ivabradine treatment was short-term (~18.1 days). During this period, most patients had no or only one increase in the dose of β-blockers. The daily dose of β-blocker did not exceed 50 mg of metoprolol daily, which is far less than the maximally tolerated dose, except for case no. 8, who was maintained on a higher dose of carvedilol (25 mg twice daily) according to a previous long-term prescription. Accordingly, it may be considered that the drop in HR within 48 h was directly linked to the use of ivabradine rather than β-blockers. However, the present study was not a prospectively controlled study. Recently, a randomized controlled study compared the efficacy of ivabradine plus β-blockers versus β-blockers alone in patients with AHF (11) . It suggested that early combined treatment with ivabradine and β-blockers in congestive HF is feasible and safe. The distinguishing feature of the present study was that all patients were complicated with IRD and had no previous history of HF. The patients in the present study exhibited exacerbated AHF symptoms, and 33.3% of them underwent mechanical ventilation and did not require 48 h for stabilization in accordance with data of a previous study (11) .
Ivabradine also exhibited sufficient clinical safety in the AHF patients of the present study. No hemodynamic deterioration or impairment of liver or renal function was observed in any of the patients. To the best of our knowledge, no previous study has reported on the application of ivabradine in patients with a creatinine clearance of <15 ml/min. In the present study, case no. 8 had lupus nephritis and started to receive hemodialysis, with an estimated glomerular filtration rate of 9.7 ml/min, due to AHF and reduced urine output. After careful addition of ivabradine, the patient's HF was alleviated and renal perfusion was improved.
The patient was void of the requirement for hemodialysis for three months by the end of this study. In addition, according to the manufacturer's guidelines for ivabradine, its use in children and adolescents (age, <18 years) is not recommended due to lack of evidence. However, both cases 3 and 4 of the present study were slightly younger than 18 years. After careful communication with their guardians, ivabradine treatment was initiated. The two patients achieved acceptable short-term therapeutic effects using a small dose of ivabradine (2.5 mg twice daily) without exhibiting any adverse effects. However, the long-term efficacy and safety of the drug in these patients remains to be determined. The current study has several limitations. It is a small-sample, single center study without a control group (patients who did not receive ivabradine treatment). Further randomized control studies are therefore required to better testify the efficacy of ivabradine in AHF. Additionally, ivabradine was only evaluated in AHF patients with IRD. It is therefore not clear whether the same treatment could be applied to wider spectrum of patients with AHF.
In conclusion, the present study evaluated early short-term ivabradine treatment in new-onset AHF patients with IRD. The observations suggest that early ivabradine treatment in this type of patients was safe. A significant reduction in HR was observed, and none of the patients developed cardiac shock. Successful control of HR may contribute to hemodynamic and/or heart function improvement, particularly in patients with suspected TCM. Further randomized controlled trials are required to better demonstrate the efficacy and evaluate the long-term prognosis for AHF patients treated with ivabradine.
